State of the art session: sleep and breathing disorders {#s1}
=======================================================

This symposium was devoted to the advances in the field of sleep and breathing disorders encompassing a broad range of conditions, both in children and adults, with special attention to the underlying pathophysiological mechanisms.

Refika Hamutcu (Ottawa, Canada) talked about intermittent hypoxia and sleep disorders in children. Paediatric obstructive sleep apnoea syndrome (OSAS) is a common health problem, recently highlighted in two European Respiratory Society (ERS) statements \[[@C1], [@C2]\]. Paediatric OSAS, if untreated, may result in significant cardiovascular \[[@C1]\] and metabolic morbidity and growth retardation, as well as neurocognitive, depressive \[[@C3]\] and behavioural consequences that dampen academic performance \[[@C4]\]. Evidence supports that intermittent hypoxia plays an important role in the pathophysiology of sleep-disordered breathing (SDB) morbidity in children. However, for neurocognitive morbidity, it is still unclear which factors play the most important roles. In a study by K[heirandish]{.smallcaps}-G[ozal]{.smallcaps} *et al*. \[[@C5]\], the respiratory arousal index was a significant predictor of both learning slope and morning recall function, even after adjusting for age, sex, ethnicity, maximal individual performance and total sleep duration \[[@C5]\]. From a therapeutic point of view, cognition wasn\'t improved 7 months after adenotonsillectomy \[[@C6]\]. However, the surgical treatment of SDB has long-term effects, as improvements in some areas of neurocognition were observed 4 years after the treatment \[[@C7]\]. Interestingly, 3 months of continuous positive airway pressure (CPAP) therapy was associated with improvements of neuro-behavioural outcomes in children with OSAS \[[@C8]\]. Altogether, these results reflect the complexity of the relationship between OSAS and neural deficits, highlighting the need for further studies in this domain. Due to the multisystemic adverse effects of paediatrics OSAS, parents, teachers and clinicians must be able to recognise children with this disease \[[@C9]\].

Marisa Bonsignore (Palermo, Italy) provided an overview of the relationships between asthma, obesity, metabolic dysfunction and OSAS. Obesity increases the risk for incident asthma in males and females \[[@C10]\]. Asthma can either result from obesity (predominantly in women, with a later onset) or be worsened by obesity (*i.e.* poorer asthma control, with an earlier asthma onset, allergic type) \[[@C11]\]. The metabolic dysfunction of obesity may mediate this association \[[@C12]\]. Thus, recent data show a direct effect of high leptin levels, as encountered in obesity, on cytokine production, promoting allergic airway inflammation \[[@C13]\]. Moreover, in a recent longitudinal study, leptin mediated \>60% of the association between high body adiposity and persistent asthma over time \[[@C14]\].

Asthma and OSAS could be associated, especially in asthmatic patients with higher body mass index \[[@C15]\]. However, the mechanisms linking the two pathologies remain unclear. If the relationship between asthma severity and OSAS severity is variable, asthmatics exert worse sleep quality and daytime sleepiness, both symptoms of SDB. Clinical studies suggest that obesity is the link bridging together asthma and OSAS \[[@C16], [@C17]\]. Further studies are needed, focusing on a better definition of the phenotypes of both diseases.

Winfried Randerath (Solingen, Germany) introduced and summarised the latest conjoint statement of the European Academy of Neurology, European Sleep Research Society, European Stroke Organization and ERS Task force on the impact of sleep disorders on risk and outcome of stroke. SDB and stroke are intertwined pathologies \[[@C18]\]. Intermittent hypoxia, increased sympathetic activity and sleep fragmentation may play a role in this association. Thus, severe OSAS is recognised as a major risk for stroke \[[@C19]\]. CPAP may reduce stroke risk, especially in treatment compliant patients \[[@C20]\]. Following stroke, the prevalence of OSAS increases up to 50% \[[@C21]\] and is associated with an increased stroke recurrence augmented mortality risk and a poorer prognosis for recovery \[[@C19], [@C22]\]. CPAP may improve stroke outcome \[[@C23]\]. Due to this strong relationship and based on the available evidence, OSAS must be actively diagnosed and treated after stroke \[[@C24]\].

Non-apnoea sleep-wake disorders may also be associated with an increased stroke risk and worse outcome. However, further research is needed to expand knowledge on the bidirectional relationship between sleep disorders and stroke.

Finally, Samuel Vergès (Grenoble, France) shed light on hypoxic conditioning as a new therapeutic modality. If hypoxia (sustained, intermittent, local or systemic) is a key pathophysiological mechanism in many diseases, it could also be protective as well. On the basis of epidemiological studies, individuals living at moderate altitude have a reduced prevalence of obesity, lung cancer and lower mortality from coronary heart disease and stroke \[[@C25], [@C26]\]. Although still debated, elderly subjects with moderate OSAS appear to show lower mortality rates compared to healthy ones \[[@C27]\], suggesting that a small amount of hypoxia can be beneficial for our health status. Hypoxic conditioning refers to a therapeutic procedure by which a potentially deleterious stimulus (*i.e.* hypoxia) is applied near to but below the threshold of damage to the organism to prevent (pre-conditioning) or enhance healing (post-conditioning) \[[@C28]\]. Even supported by encouraging pre-clinical data \[[@C28], [@C29]\], the translation of hypoxic conditioning procedures to humans with pathological conditions remains to be pioneering. Some proof of the beneficial effects of hypoxic conditioning have been seen in COPD \[[@C30]\], in the reduction of metabolic risk markers \[[@C31]\], as well as in the improvement of function in spinal cord injury \[[@C32]\]. As there is a high inter-subject variability in the response to hypoxia, further research may address the question of the hypoxic dose and pattern, along with the identification of biomarkers of the beneficial response to hypoxic conditioning.

In conclusion, improvements in therapeutic strategies and care pathways of SDB and its associated comorbidities require an accurate appraisal of the pathophysiological mechanisms underlying their often bidirectional association. If intermittent hypoxia seems to play a major role in this deleterious association, it could also be protective in a dose--response relationship.

Insights into the pathophysiology of SDB {#s2}
========================================

This oral session included eight studies about the pathophysiology of SDB and its treatment.

F[itzpatrick]{.smallcaps} *et al*. \[[@C33]\] studied the effect of intermittent hypoxia on bone-marrow derived macrophages from mice in the presence or absence of lipopolysaccharide. They observed that intermittent hypoxia-induced polarisation of macrophages to M1 phenotype impeded insulin signalling, and activates interleukin-1β through Toll-like receptor-4. The effects of intermittent hypoxia were enhanced under lipopolysaccharide conditions. In this field, S[acramento]{.smallcaps} *et al*. \[[@C34]\] subjected rats to mild and severe intermittent hypoxia. After measuring fasting glycemia, insulinemia, C-peptide and insulin sensitivity, they found an increased release of insulin from the pancreas which was linked to the insulin resistance observed in response to mild and severe intermittent hypoxia.

However, disordered breathing and autonomic dysfunction are pathophysiological hallmarks of heart failure. Using a heart failure rat model where chemoreceptors of the retrotrapezoid nucleus (RTN) were destroyed, D[íaz]{.smallcaps} *et al*. \[[@C35]\] showed that episodic hypercapnia stimulation triggers ventilator plasticity and elicits cardiorespiratory abnormalities that depend on RTN neurons. Using the same model but eliminating the brainstem pre-sympathetic neurons (RVLM-C1) instead, D[el]{.smallcaps} R[io]{.smallcaps} *et al*. \[[@C36]\] showed that they play a major role in development/maintenance of irregular breathing pattern.

In terms of cardiovascular consequences, Z[ou]{.smallcaps} *et al*. \[[@C37]\] presented a study of the European Sleep Apnoea Database (ESADA). They analysed the polysomnography studies and arterial hypertension in a cohort of OSAS patients. They observed a potential mechanistic link between hypertension and severe cases of OSAS *via* an increased carbonic anhydrase activity.

This session also included a novel work focused on the potential relationship between OSA and lung cancer. M[arhuenda]{.smallcaps} *et al*. \[[@C38]\] applied different hypoxia paradigms mimicking those occurring in OSAS, COPD and the combination of both, known as overlap syndrome. They concluded that the response of lung cancer cells to the hypoxic environment is extremely complex and hardly predictable, strongly depending on each cell type. It is important to highlight that this was awarded the best abstract in the field \[[@C38]\]. Other interesting study showed how intermittent hypoxia are transmitted to the fetus in a sleep apnoea ewe model. A[lmendros]{.smallcaps} *et al*. \[[@C39]\] subjected pregnant ewes to intermittent hypoxia and measured oxygen partial pressure simultaneously on the femoral artery of the mother and in the umbilical vein. Finally, the work from O[p de]{.smallcaps} B[eeck]{.smallcaps} *et al*. \[[@C40]\] showed that higher loop gain is associated with a reduced upper airway stimulation.

In summary, this session revealed novel mechanisms linking obstructive sleep apnoea (OSA) with some of its well-known metabolic, cardiovascular and cancer consequences which could provide new therapeutic targets in OSA.

Current perspectives in SDB {#s3}
===========================

This poster discussion session included 18n studies providing novel insights on OSAS pathophysiology and how different treatments can improve its metabolic, neurocognitive and cardiovascular consequences.

T[hiel]{.smallcaps} *et al*. \[[@C41]\] completed a trial that included 70 OSAS patients under CPAP treatment for \>1 year randomised to CPAP withdrawal for 2 weeks or not on neurometabolic and cardiometabolic markers. Liquid chromatography and mass spectrometry analyses from blood samples revealed a significant increase of 3,4-dihydroxyphenylglycol, norepinephrine and cortisol in those withdrawn from treatment. These results suggest that the elevated blood pressure in OSAS could be mediated through the sympathetic nervous system and hypothalamic-pituitary-adrenal axis activation \[[@C41]\]. E[rnst]{.smallcaps} *et al*. \[[@C42]\] prospectively studies OSAS patients with hypertension and found that the severity of OSAS in this population does not affect the prevalence of metabolic syndrome. Specifically, they did not observe differences in triglycerides, high-density lipoprotein cholesterol \[[@C42]\]. In contrast to these findings, two works presented from the ESADA showed improvements on metabolic variables in response to CPAP therapy. In the first work, G[unduz]{.smallcaps} *et al*. \[[@C43]\] showed a significant decrease in cholesterol after CPAP treatment by including 1564 OSAS subjects from the ESADA cohort \[[@C43]\]. In the second study, T[aşbakan]{.smallcaps} *et al*. \[[@C44]\] reported a clinically relevant reduction of the glycated haemoglobin after CPAP therapy in 1608 patients. This improvement was stronger in type 2 diabetes mellitus and more severe OSAS patients and especially in those who lost more weight \[[@C44]\]. In addition to the metabolic syndrome, it has been well described that OSAS can affect the cognitive domains and gait control. In this field, B[aillieu]{.smallcaps}l *et al.* \[[@C45]\] presented a randomised controlled study to ascertain whether CPAP therapy in severe OSAS patients can improve the gait control. They included a sham CPAP control group. To evaluate gait control, the authors performed a visuo-verbal cognitive task (Stroop test) which was completed by 21 subjects. After analysis, CPAP treatment was not able to improve gait control \[[@C45]\]. More studies are still needed in this field to understand the mechanisms involved and to prevent the damage caused by OSAS on cerebral functions.

Most of the data presented in the session was based on the use of CPAP for OSAS treatment. This device provides positive airway pressure to maintain the patency of the upper airway. Although technological improvements have increased CPAP compliance, L[iistro]{.smallcaps} *et al*. \[[@C46]\] presented preliminary results showing that the new generation CPAP machines increased air pressure during the inspiratory phase. They did not find any explanation to these findings \[[@C46]\]. In addition to CPAP, other potential ways of treatment were presented. R[atneswaran]{.smallcaps} *et al*. \[[@C47]\] presented results of a meta-analysis on the effectiveness of electrical stimulation of the upper airway. The authors pooled 20 clinical trials (n=895) and analysed the effect of invasive hypoglossal nerve stimulation (n=15 trials) or noninvasive transcutaneous electrical stimulation (n=5 trials) on the apnoea--hypopnoea index and the Epworth Sleepiness Scale. They found that both methodologies can reduce OSAS severity significantly improving its symptoms \[[@C47]\]. Finally, P[épin]{.smallcaps} *et al*. \[[@C48]\] have shown new data supporting the long-term efficacy and safety of solriamfetol (JZP-110), a selective dopamine and norepinephrine reuptake inhibitor, in treating excessive daytime sleepiness in narcolepsy and OSAS \[[@C48]\].

In summary, CPAP improves of the quality of life in OSA patients but its benefits on outcomes are not clear, at least in part, due to its poor compliance. Thus, the improvement of its technology and novel approaches for treating OSA such as the studies presented in this session are still needed.

Current perspectives in OSA therapeutic plans and their effects {#s4}
===============================================================

The implementation of different OSAS therapeutic interventions and the validation of their efficacy in selected patients' subgroups are currently highly discussed topics. In this oral presentation, eight research groups presented some of their latest original research focusing on the therapeutic possibilities and the results of their implementation among patients with OSAS or other SDB. Three common research strands emerged: 1) the benefits of different positive airway pressure (PAP) therapies on cardiovascular and metabolic outcomes; 2) the role of and the factors influencing CPAP compliance; and 3) the impact of acetazolamide on high altitude-related severe nocturnal hypoxemia.

A latent class analysis among chronic heart failure (CHF) patients treated with adaptive servoventilation (ASV) enrolled in the FACE study \[[@C49]\] defined six phenogroups who significantly differed in time to first event, defined as death from any cause, unplanned hospitalisation for worsening heart failure, or cardiac transplant. The cluster that presented the worst prognosis encompassed patients with a left ventricular ejection fraction (LVEF) \<35%, male sex, predominant central sleep apnoea, stroke and atrial fibrillation. Additional results from a retrospective analysis from the SERVE-HF study \[[@C50]\] showed no influence of the ASV device used on cardiovascular and non-cardiovascular death rates.

Furthermore, the effect of CPAP therapy on cardiovascular and metabolic events was analysed among patients with confirmed OSAS but insufficient symptoms to warrant CPAP therapy in the MOSAIC trial \[[@C51]\]. During a 2- to 5-year follow-up, it was observed that, although CPAP reduced daytime sleepiness, it failed to address cardiovascular or metabolic outcomes.

Interestingly, a 10-year follow-up showed a negative correlation between effective PAP adherence, particularly after 24 months, and cardiovascular and cerebrovascular events, especially when total PAP usage was at least 6 years. This in spite of an immediate apnoea--hypopnoea index drop after the onset of PAP therapy. Another group focused its research on patients with OSAS who were involved in a relationship, noting that retired couples showed the highest CPAP compliance. Furthermore, telemonitoring during the habituation phase of the CPAP therapy guaranteed a non-inferior CPAP adherence, according to a study that analysed comparable OSAS patients groups undergoing usual care or telemonitoring after a 1-year follow-up. Moreover, a post-hoc analysis of two randomised controlled trials on CPAP withdrawal suggested that CPAP withdrawal might influence dehydroepiandrosterone levels. The latter might contribute to the pathophysiology of erectile dysfunction and sexual dysfunction among patients with OSAS.

Finally, a randomised controlled trial showed that a preventive treatment with acetazolamide reduced the incidence of severe nocturnal hypoxaemia and altitude-related periodic breathing among lowlanders with COPD sleeping for two nights at high altitude (3100 m).

In conclusion, the session highlighted that the effect of OSA therapies on cardiovascular and cerebrovascular prevention is still under discussion. Nevertheless, patient phenotyping and strategies for CPAP adherence optimisation, including telemonitoring, might lower cardiovascular mortality and even play a role in erectile and sexual dysfunction pathophysiology.

Sleep and neuromuscular diseases: assessment and management of respiratory problems {#s5}
===================================================================================

The symposium of sleep and neuromuscular diseases showcased recent research and new methods developed to optimise treatment in neuromuscular disease (NMD). Oscar H. Mayer (Pennsylvania, USA) shed light on respiratory pathophysiology of NMD and its impact on clinical progression. Respiratory muscle weakness as a manifestation of NMD, can lead to respiratory failure following a cascade of chest wall disorders and physiologic abnormalities \[[@C52]\]. Lung and chest wall compliance have been known to worsen in NMD resulting in increasing elastic load on respiratory muscles and lower lung volumes \[[@C53]\]. Indeed, lung stiffness can be caused by progressive loss of inspiratory and expiratory muscle function, decrease in vital capacity, progressive atelectasis, and alteration of tissue mechanics, whilst the elastic properties of the lungs are closely related to chest wall compliance \[[@C53], [@C54]\]. Pathophysiologic progression in NMD predisposes to progressive respiratory morbidity; however, there are some proactive interventions that can attenuate the deterioration \[[@C55], [@C56]\]. Four therapeutic interventions against the NMD consequences were demonstrated including airway clearance, mechanical ventilation support, stabilisation of the chest wall and spine, and lung volume recruitment manoeuvres.

Andrea Aliverti (Milan, Italy) provided an overview of the traditional and emerging methods for assessing ventilatory function in NMD. Respiratory pressure volume curves are significantly altered in NMD following reduced chest wall and lung compliance with decreased slope curves and generally lower operating volumes \[[@C57]\]. There are several methods and techniques that can be used to assess respiratory muscle function \[[@C58], [@C59]\]. Briefly, the methods to assess respiratory muscles function can be grouped into invasive or noninvasive techniques; and split into the subgroups of volitional or non-volitional (requiring or not the patient\'s cooperation) \[[@C60]\]. There are known drawbacks for the majority of these methods but this is not the only that should be considered when assessing ventilatory function in NMD \[[@C60], [@C61]\]. For instance, in Duchenne muscular dystrophy, specific time-points of respiratory impairment are identified during disease progression, which should be considered for defining outcome measures in clinical trials and treatment strategies \[[@C62]\]. In regard to traditional methods for assessing ventilatory function in NMD, important spirometric variables including forced expiratory volume in 1 s (FEV~1~), forced vital capacity (FVC), total lung capacity (TLC), and peak expiratory flow were reported and the importance to refer to the predicted values was underlined. Several emerging methods were also mentioned including: 1) the sniff nasal inspiratory pressure as an index of global inspiratory muscle strength; 2) sleep evaluation; 3) spontaneous breathing during daytime; 4) ultrasound; 5) imaging (magnetic resonance imaging); and 6) optoelectronic plethysmography to assess the thoracoabdominal kinematics (*i.e.* the expansion of the different portion of the chest wall), which is very useful to noninvasively assess the use of the different respiratory muscles in NMD, and detect the asynchronous or paradoxical chest wall motion.

Michelle Chatwin (London, UK) spoke about the cough assist devices that are useful in patients with an ineffective cough due to muscle weakness in NMD. The optimal medical management in the NMD includes: 1) ensuring that reflux is treated; 2) evaluation for aspiration; 3) control of secretions; and 4) use of prophylactic inhaled antibiotics \[[@C63]\]. The role of cough assist devices can be very important for airway secretion clearance in NMD, when the peak of cough flow values are \<160 L·min^−1^ \[[@C64]--[@C66]\]. Setting cough assist devices involves adjustment of the positive and negative pressures, the inspiratory, expiratory and pause times, as well as the inspiratory flow rate \[[@C66]--[@C68]\]. Cough assist devices are more effective with greater exsufflation and longer insufflation times, whilst the optimisation of its settings in bulbar amyotrophic lateral sclerosis is critical \[[@C69]--[@C71]\].

Anita Simonds (London, UK) talked about the role of sleep and SDB in NMD including prognosis, therapeutic approach, and the impact and utilisation of health resources. SDB in NMD is caused by an exaggerated decline of lung volumes during supine sleep, a compromised physiologic adaptation to sleep, and specific disease features that may lead to upper airway collapse or heart failure \[[@C72]\]. Screening symptoms for nocturnal hypoventilation can be very subtle in NMD and the nocturnal oxygen saturation measured by pulse oximetry is not sufficient for the early detection of nocturnal hypoventilation. Therefore, the monitoring of nocturnal hypoventilation as part of the nocturnal respiratory assessments is recommended \[[@C73]\]. In relation to therapeutic approaches to nocturnal hypoventilation, noninvasive ventilation improves sleep-related symptoms and survival which can be even more prolonged with noninvasive ventilation settings optimisation \[[@C74], [@C75]\]. Nevertheless, only one-third of adults with NMD receives respiratory specialist care at a frequency recommended by professional guidelines and this suggests an urgent need to improve the management of patients with NMD \[[@C76]\].

In summary, important advances have been made in NMD including therapeutic interventions to treat disease consequences, cough assist devices to support cough effectiveness, and several new methods for assessing ventilatory function. Recently, the nocturnal hypoventilation monitoring has been suggested as part of nocturnal respiratory assessment in NMD, whilst the overall provision of respiratory care needs to be increased for the majority of NMD patients.

New insights into respiratory function testing {#s6}
==============================================

In patients with COPD, dynamic hyperinflation and large intrathoracic pressure swings to overcome the increased elastic and resistive loads during exercise may have negative haemodynamic effects and thus contribute to exercise intolerance in those patients \[[@C77]\]. C[heyne]{.smallcaps} *et al*. \[[@C78]\], supported this mechanism by demonstrating that an artificial increase in dynamic hyperinflation and negative intrathoracic pressure by external inspiratory and expiratory resistance in healthy and young individuals, significantly reduced the left ventricle stroke volume and left ventricle end-diastolic volume (measured by echocardiography) during moderate intensity cycling exercise.

In the same area of interest, A[lter]{.smallcaps} *et al*. \[[@C79]\], presented the results from 1591 patients with COPD (COSYCONET cohort). In that cohort, they found that a significant proportion of patients with suspicious echocardiographic findings were undiagnosed and untreated. A 36% of patients who presented LVEF \<50% or left ventricle end-diastolic diameter \>56 mm had neither a cardiovascular history nor were they receiving a medical treatment. In addition, 38% of patients with LVEF \<50% and 53% with left ventricle end-diastolic diameter \>56 mm lacked both a cardiac diagnosis and medical treatment.

In another cohort study with 2665 subjects (COPDGene), A[rjomandi]{.smallcaps} *et al*. \[[@C80]\], examined the validity of a FRC/TLC ratio (a proxy of air trapping), measured by computed tomogrpahy imaging, to predict FEV~1~/FVC ratio decline over a period of 6 years in smokers with preserved spirometry. They showed that a higher FRC/TLC ratio was associated with a faster progression from non-spirometric to spirometric COPD. The study highlighted that smokers with higher FRC/TLC ratio as opposed to their counterparts with lower FRC/TLC ratio, exhibited a greater decline in FEV~1~ and a smaller decline in FVC that resulted in an overall differential decline in FEV~1~/FVC ratio over the examined period of 6 years.

In this context, the study by G[onçalves]{.smallcaps} *et al*. \[[@C81]\] aimed at identifying which patients best qualify for ambulatory oxygen through lung function tests. By including 315 patients with mild-to-moderate COPD, authors found that diffusing capacity of the lung for carbon monoxide was the best lung function test predictor for ambulatory oxygen indication. For diffusing capacity of the lung for carbon monoxide values ≤65%, sensitivity and specificity analysis were 69% and 78%, respectively, whilst other parameters of lung function tests such as FEV~1~, FVC, TLC and transfer coefficient of the lung for carbon monoxide exhibited lower sensitivity and specificity values.

Two studies using home-monitoring technologies were presented by D\'C[ruz]{.smallcaps} *et al*. \[[@C82]\] and Z[immermann]{.smallcaps} *et al*. \[[@C83]\]. D\'C[ruz]{.smallcaps} *et al.* \[[@C82]\] investigated first whether measuring neural respiratory drive (NRD, parasternal electromyography) at home (for 30 days) is feasible and secondly whether NRD measurements can track clinical trajectory in patients with COPD (n=10) after hospitalisation for an acute exacerbation of COPD (AECOPD). The study revealed that NRD measurements of parasternal muscles were feasible at home by demonstrating high adherence to home visits (188 (85%) visits) and NRD measurements (373 (100%) measures). Besides, the authors also found that changes in NRD tracers of the parasternal muscles were strongly associated with improvements in lung function parameters (*i.e.* inspiratory capacity and FEV~1~, r^2^\>0.98--0.95) after hospital discharge for an AECOPD. Z[immermann]{.smallcaps} *et al.* \[[@C83]\] demonstrated that day-to-day variations in lung function measured at home by forced oscillation technique can reflect symptoms and quality of life of patients with COPD. The study showed that the variability of inspiratory reactance by forced oscillation technique in 16 patients with severe COPD was significantly related to both COPD Assessment Test and St Georges Respiratory Questionnaire scores measured for a period of seven consecutive days. In addition, changes in inspiratory reactance were sensitive enough to detect an AECOPD 3 days before the worsening of COPD symptoms.

In this framework, P[etrocelli]{.smallcaps} *et al*. \[[@C84]\] validated the surface mechanomyogram (sMMGdi) technique, for assessing lateral vibration of diaphragm fibres, with surface EMG measurement (sEMGdi) to relate to breathlessness (Borg scale) in 11 patients with COPD during different inspiratory threshold-loading intensities. The authors found moderate but significant correlations among sMMGdi and sEMGdi and Borg that ranged between 0.54--0.64 (Spearman) suggesting the potential value of sMMGdi measurements when investigating breathlessness in patients with COPD.

Finally, in a randomised, double-blinded crossover study, D[omnik]{.smallcaps} *et al*. \[[@C85]\], assessed overnight respiratory mechanics in 20 patients with moderate-to-severe COPD and 20 age-matched healthy individuals and determined how the abovementioned parameters could be affected by nocturnal long-acting bronchodilation (aclidinium bromide/formoterol fumarate). The authors demonstrated that overnight inspiratory capacity and FEV~1~ deteriorated progressively in patients with COPD compared to healthy subjects. Nocturnal administration of the bronchodilator in the patients reversed lung function decline, permitting equivalent ventilation with a less inspiratory neural drive. The latter findings were supported by the decrease in lung resistance and transdiaphragmatic pressure and improvements in EMGdi/tidal volume ratio following the administration of the bronchodilator compared to the placebo group.

In summary, the session supported previous evidence as well as provided new insights into the close interaction that exists between lung (*i.e.* respiratory function and mechanics of breathing) and heart function in patients with COPD. Furthermore, promising data with regards to the feasibility and the clinical importance of assessing respiratory muscle activity and lung function in patients with COPD within and beyond the hospital walls were presented.

Exercise physiopathology in various respiratory diseases {#s7}
========================================================

Exercise intolerance in respiratory diseases is characteristically multi-factorial \[[@C86]\], and in patients with COPD peripheral muscle abnormalities play an important role \[[@C87]\]. L[ouvaris]{.smallcaps} *et al*. \[[@C88]\] examined whether oxygen saturation distribution in different regions of the quadriceps muscle is different during exercise in COPD patients compared to controls. Near-infrared spectroscopy revealed greater oxygen saturation heterogeneity between exercising muscles, and lower oxygen delivery to the muscles for a standardised work rate in patients with COPD compared to controls. These preliminary results suggest that greater oxygen saturation heterogeneity between exercising muscles may indicate perturbations in muscle metabolism in COPD as a consequence of lower oxygen delivery.

Exertional dyspnoea is a cardinal feature of cardiac and respiratory diseases \[[@C89]\], but underlying mechanisms may differ between individual diseases. B[erton]{.smallcaps} *et al*. \[[@C90]\], therefore, investigated the contribution of high chemostimulation *versus* abnormal lung mechanics to dyspnoea in patients with COPD and CHF, matched for peak aerobic capacity, during incremental cycling. Both groups of patients showed excessive ventilation compared to controls, however, dyspnoea as a function of work rate and ventilation was higher in COPD compared to CHF and controls. This was in line with a decline in inspiratory reserve volume in COPD; the so-called dynamic hyperinflation. This highlights that, while high chemostimulation has an important role in exertional dyspnoea in CHF, abnormalities in lung mechanics cause the greater symptom burden observed in patients with COPD with similar exercise capacity.

Hypoxaemia is often cited as an important determinant of dyspnoea in combined pulmonary fibrosis and emphysema (CPFE) \[[@C91]\]. To explore this assumption, N[eder]{.smallcaps} *et al*. \[[@C92]\] contrasted responses to exercise in patients with CPFE *versus* pulmonary fibrosis matched for the severity of exertional hypoxaemia. In fact, excessive exertional ventilation (minute ventilation/carbon dioxide production nadir \>50) and extensive emphysema (\>15%), but not hypoxaemia in particular, predicted poor exercise tolerance due to dyspnoea in CPFE. Therefore, hypoxaemia *per se* is not the main determinant of exertional dyspnoea in CPFE. Exacerbated chemostimulation owing to increased wasted ventilation and a downward displacement of the arterial carbon dioxide tension set-point holds a key mechanistic role \[[@C91]\].

In a cohort of long-term survivors of hematopoietic stem cell transplantation, M[yrdal]{.smallcaps} *et al*. \[[@C93]\] sought to identify determinants of cardiorespiratory fitness using cardiopulmonary exercise testing, pulmonary function tests and echocardiography. Peak oxygen uptake was associated with usual physical activity (*i.e.* meeting World Health Organization recommendations), lung transfer factor for carbon monoxide and left ventricular systolic function in particular. The investigators concluded that modifiable lifestyle factors, as well as pulmonary and cardiac function, are important determinants of cardiopulmonary fitness in this patients.

Alleviating the unpleasant symptoms associated with exertion is a major challenge in respiratory diseases \[[@C94]\]. In a randomised crossover trial, F[ernandes]{.smallcaps} P[into]{.smallcaps} *et al*. \[[@C95]\] explored the effect that placement of elastic tape on the chest wall and abdomen had on thoracoabdominal mechanics, dyspnoea, exercise capacity and usual physical activity in patients with COPD. Thoracoabdominal asynchrony, ventilation and dyspnoea were reduced during constant-load cycling, and exercise tolerance increased during incremental cycling when elastic taping was used. The authors also reported a rise in moderate/vigorous physical activity using this intervention.

In patients with severe emphysema, D[e]{.smallcaps} A[raujo]{.smallcaps} *et al*. \[[@C96]\] explored the effect of endobronchial valve placement on breathing pattern during constant work rate cycling. Following placement of the valve, ventilation was increased (with greater tidal volume and lower respiratory rate) while dyspnoea was reduced at isotime when compared to baseline. Interestingly, changes in endurance time correlated well with changes in dynamic inspiratory capacity. Patients with severe emphysema can, therefore, exercise longer with less dyspnoea after endobronchial valve placement as a consequence of improved breathing pattern and lung mechanics.

Excessive ventilation contributes to dyspnoea burden and exercise intolerance in mild COPD \[[@C97]\]. P[hilips]{.smallcaps} *et al*. \[[@C98]\] explored the effect of inhaled nitric oxide (NO) on ventilation, dyspnoea and exercise capacity in this patient population. Inhaled NO improved peak work rate and oxygen uptake in COPD compared to placebo but no change was observed in controls. Importantly, minute ventilation/carbon dioxide production and dyspnoea at standardised work rate dropped with the intervention in COPD only. Thus, inhaled NO improves exercise capacity in mild COPD through an attenuation of ventilation and breathlessness during exertion.

Impaired cerebral oxygenation may contribute to exercise intolerance \[[@C99]\], in particular in the face of extreme hypoxaemia \[[@C100], [@C101]\]. Exercise-related hypoxaemia is prevalent in patients with pulmonary arterial hypertension \[[@C102]\]. In a placebo-controlled trial, B[outou]{.smallcaps} *et al*. \[[@C103]\] investigated the effect of oxygen supplementation on exercise duration, perceived exertion and cerebral oxygenation in pulmonary arterial hypertension patients. Supplemental oxygen, when compared to medical air, led to a greater increase in cerebral oxyhaemoglobin and a lesser increase in deoxyhaemoglobin, respectively, while exercise duration was prolonged. Therefore, in pulmonary arteria hypertension patients with exertional hypoxaemia, oxygen supplementation may enhance exercise tolerance through improved cerebral oxygenation.

Overall, this session provided novel insights into the underlying mechanisms of exercise limitation in diverse respiratory diseases and potential strategies to alleviate exertional symptoms and improve exercise tolerance in these patients.
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